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Abstract— Detection and monitoring of real-time road signs 
are becoming today's study in the autonomous car industry. The 
number of car users in Malaysia risen every year as well as the 
rate of car crashes. Different types, shapes, and colour of road 
signs lead the driver to neglect them, and this attitude 
contributing to a high rate of accidents. The purpose of this 
paper is to implement image processing using the real-time video 
Road Sign Detection and Tracking (RSDT) with an autonomous 
car. The detection of road signs is carried out by using Video and 
Image Processing technique control in Python by applying deep 
learning process to detect an object in a video’s motion. The 
extracted features from the video frame will continue to template 
matching on recognition processes which are based on the 
database. The experiment for the fixed distance shows an 
accuracy of 99.9943% while the experiment with the various 
distance showed the inversely proportional relation between 
distances and accuracies. This system was also able to detect and 
recognize five types of road signs using a convolutional neural 
network. Lastly, the experimental results proved the system 
capability to detect and recognize the road sign accurately. 
 
Keywords: Convolutional neural network, image processing, 
real-time, road signs.. 
I. INTRODUCTION 
Real-time Road Sign Detection and Tracking (RSDT) 
researches are growing rapidly in the Malaysian autonomous car 
industries. Real-time means that the actual time when the process 
or event occurs. When real-time and RSDT are combined, the 
system will detect and recognize the road signs while the car is 
moving on, and at the same time, it will alert the drivers if the 
system detected any road signs. The road sign detection and 
tracking is a computerized system which will detect and recognize 
the road sign from a video.  
According to the Malaysian Institute of Road Safety (MIROS) 
[1], the number of accidents increased by each year from 476 196 
cases in 2014 to 489 606 cases in 2015 and rose to 521 466 in the 
year of 2016. The main contributor to these accidents caused by the 
failure of drivers to notice the road signs and neglecting the traffic 
rules. Neglecting road sign was also contributed to high rates of 
accidents. Drivers ignored the important road signs such as 
warning, prohibition, stop and mandatory signs while driving on 
road due to less attention while driving and confused with many 
types of road signs in Malaysia’s road. Besides that, this RSDT 
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system also could act as driving assistance for tourist who depends 
on the road sign while traveling to another country. RSDT system 
will interpret the road sign for the drivers and so that the drivers 
would not get confused. 
The majority of the existing system used the method of image 
processing to detect and track the road signs. The image processing 
took the input image such as video’s frame in the form of signal 
processing. Video is an electronic technology that capture, record, 
process, store, and transmit scenes in motion. Video is used in this 
system to obtain a better visual appearance of the road sign and to 
get ready the image to be measured for the features present.  
The information source for this project is the road signs used on 
the street side. Road signs will provide important information 
regarding the conditions or circumstances of the road to drivers. 
Different types of road signs have been utilized on the road, which 
was different in shapes and colours that provide information like a 
warning, direction, prohibition, mandatory, and obligation of the 
roads. The system will detect road sign which stating the upcoming 
conditions of the road and provide with display and description 
about the signs. The RSDT system will assist drivers in having a 
safe and convenient journey. This paper presents a Haar cascade 
classifier for the detection process and convolutional neural 
network for recognition process for five types of road signs such as 
“stop”, “speed bump”, “t-junction”, “no right turn” and “direction”. 
II  PREVIOUS WORKS  
Previous research projects showed that a lot of techniques were 
introduced to achieve good results. Road signs could be detected 
and classified by using few features such as shape, colour, and 
pictogram. 
In [2] used the method Support Vector Machine for the 
identification and recognition of road signs project. The author 
used the colour-based detection technique with Hue, Saturation and 
Intensity (HSI) and States that when there were changes in 
brightness, picture reflection and lightning, the Red, Green and 
Blue (RGB) colour space will unstable. The previous research’s 
result using RGB is not accurate as HSI. SVM was used together 
with Gaussian kernels to recognize road signs. 
In [3] researched for detection and recognition of road signs 
with bad visual. The author used Speeded Up Robust Features 
(SURF) algorithm for the detection system and Optical Character 
Recognition (OCR) for the recognition of the road signs. The 
maximally stable external regions and Canny detector is also 
proposed for the recognition process. The project achieved 92.18% 
of accuracy in detecting and recognizing the road signs. 
Research on traffic symbol detection and recognition is carried 
out by [4]. The maximally stable external region has been used for 
the detection process based on the background colour. The traffic 
signs are separated based on their colour variously. Histogram of 
oriented gradient (HOG) method is used to compute the candidates 
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used for the classification method. The author stated that the 
accuracy of the detection and recognition increase as the car speed 
increases. Meanwhile, in [6] also applied the same technique as [4]. 
But, he applied colour separations method together with Bag of 
visual word algorithm on all frames for the detection of the blue 
and white panels of the road signs. The region of the images was 
classified by using two methods which is Naïve Bayes classifier 
and SVM. The dataset was obtained from internet source. The 
accuracy for detection is 90.18% while for recognition is 87.50%. 
In [5] obtained quicker and accurate results by using SVM. This 
was because it is not too prone in overfitting. However, SVM is not 
suitable for a critical time. Besides that, the author used Histogram 
of oriented gradient (HOG) together with distance transform (DTs) 
for effective classification of the road sign. Random forest 
classifier was used to enhance the performance of the system, and 
about 5000 images were trained for the dataset. The author claimed 
that the more dataset provided, the more accurate the detection and 
recognition result will be. 
In [7] used the method of Hue, Saturation and Value (HSV). 
Based on that research, HSV is able to detect text features of the 
road sign successfully. HSV is better than RGB because it is more 
equivalent to the perception of human seeing the object. Using 
RGB method the accuracy of the detection is less, this was because 
of the lighting changes when the process was running. For the 
larger numbers of features, the maximally stable external region 
method is applied, and the OCR method was used for the 
recognition process. The system produces a better detection result 
with the accuracy of 90.18% and 87.50% accuracy for recognition 
results. 
In [8] did a real-time traffic sign detection and classification by 
using colour images as an input image. The maximally stable 
external region is used to extract the road signs. The HOG is used 
together with SVM classifier for the classification process by 
filtering out the false negative. The author proposed the 
Convolutional Neural Network (CNN) to classify the detected road 
signs, and this method produced an efficiency of 20 times even 
quicker. 
Lastly, more processing time is taken by [9] because of larger 
neural networks. However, the neural network does not require to 
reprogram. The author did colour segmentation by using hybrid 
colour segmentation and robust custom features. For the road sign 
classification, an Artificial Neural Network method is proposed. 
Based on previous works, CNN method has been chosen for this 
project because it produces high recognition accuracy. 
III METHODOLOGY 
Image processing and Artificial Intelligence (AI) techniques are 
being implemented in this project with python application to detect 
and classify the road signs. Fig. 1 shows some examples of road 
signs considered in this work while Fig. 2 shows the overview of 
the system. The road sign detection process developed by using the 
technique of image acquisition, collecting dataset, and Haar 
cascade classifications.  
Image processing is the first process of image acquisition. The 
image created for dataset is included as image acquisition. The 
webcam is connected to a personal computer inside a car and then 
the webcam is fixed in the middle of the dashboard. 
 
 
Fig. 1. Examples of road signs considered in this work 
 
 
Fig. 2. Overview of the system 
 
 
Fig. 3. Position of webcam inside an autonomous car 
 
The position of a webcam is fixed in the middle of the 
autonomous car as in Fig. 3, so that it will able to detect, classify, 
and recognize road signs on the left and right side correctly. The 
image is taken on good weather and lighting. Besides that, the car 
is driven in the speed of not more than 60 kilometres per hour 
during the real-time video process.  
The total number of images used as a dataset in this project is 
397 images. 189 images consist of negative images and 208 images 
are positive. The negative images consist of background images of 
road sign such as buildings, trees, cars, and roads while positive 
images consist of different types of road signs. Negative images are 
the images that would not be detected during the detection process 
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OpenCV provides Haar cascade classifier which is an effective 
technique for road sign detection. Haar cascade algorithm will 
produce high detection accuracy and lower false-positive rates. 
Haar cascade classifier trained positive and negative images by 
extracting features of Haar from all the images. Both negative and 
positive images are located in a different folder. A vector file is 
created using objectmarker utility. Objectmarker.exe is run and the 
positive images windows will pop out to mark the road signs.  
The road sign is marked with a rectangle bounding box and the 
tool will automatically save the position and size of the rectangle. 
Vector of positive images is created with that parameter of 100000 
numbers of positive files and with the width and height object is 24 
pixels. Finally, haar training is run by providing the number of 
positive and negative samples and the XML file is created. The file 
is then run in pycharm using python to get the result in real-time 
video. More positive images must be provided if the system could 
not detect the road signs correctly and negative images if the 
system detected any objects other than road signs. 
In road sign classification and recognition process, the dataset is 
prepared for Convolutional Neural Network training and 
classification. Five types of road signs were collected as the main 
data. The selected road signs were Stop, No Turn Right, Direction, 
T-junction and Speed Bump signs. These five types of road signs 
are normally found in Malaysia’s road. 3000 images were collected 
as data set for each road sign, where 15000 total images for five 
types of road signs. The dataset was constructed automatically by 
capturing images using python. The dataset images consist of 
colour images with the resolution of 170 by 170 dimensions and in 
the format of JPG file. Images in JPG format are compatible for 
training. 
 
Fig. 4. Architecture of layer for stop sign 
 
Convolutional Neural Network is one of the Artificial 
Intelligence (AI) method used in the project. The dataset of 15000 
images of the road signs were trained by building a CNN that will 
predict each type of road signs. The CNN is built by using Keras 
deep learning library in python to classify each of the road signs 
and it is selected because it required minimal prepossessing. Then, 
the road sign images are filtered by using three types of layers 
which include input, hidden and output layers. 
The input layer is a convolutional layer where the neurons apply 
the operation of convolution to the input. The input images are 
basically in a 2-dimensional array of pixels. The images are trained 
for 50 number of epochs, batch size of 32 with the dimension 32 x 
32 x 3. The higher the value of the epochs number, the higher the 
accuracy of detecting and recognizing the road signs. But, higher 
epochs number required more time to train the dataset. The dataset 
is divided into 32 number of batch during the training process. The 
filter size consists of 3 channels in coloured images. The features 
are filtered in convolutional layers. 
The hidden layer which is pooling layer will scale down the size 
of inputs into half. The width and height is reduced while the depth 
remains the same. The features will be similar to the input layer but 
smaller in size. The ReLu layer later converts pixel’s negative 
value by zero. The output layer is a fully connected layer, where 
high-level reasoning is completed. It connecting all neuron in a 
layer and the comparison will start to produce the outputs. The 
output of the training and classification process will be produced in 
a model file for the next step which is road sign recognition. Fig. 4 
shows the architecture layer for the stop sign. 
Convolutional Neural Network Equations 
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Road sign recognition is the final part of the project, which will 
generate the results that have been compared with the stored 
dataset. In the recognition process,  label from the mapping process 
is renamed with the original name or function of the road signs. 
The name will be displayed if the system successfully detects and 
recognize the road sign. The output files of haar training and CNN 
training are then extracted by using python. The scale factor is 
adjusted to 1.6 pixels. The detection of a road sign will be accurate 
if the factor is high. Minimum neighbours is increased to 60 pixels 
and the minimum size is set as 60 x 60 pixels. Minimum size is 
controlling the detection of the road sign. If the parameter of road 
sign appears in the frame is smaller than the minimum size, the 
system will ignore the road sign. The system is run with a webcam 
connected with a personal computer in a moving car. In this phase, 
if the system detected and recognized the road signs, it will 
construct a boundary box with the function and accuracy of the 
road signs. 
The experiments had been carried out to analyze the accuracy of 
road sign detection and recognition. For each of the experiments, 
five times of repeatability test was conducted to analyze the 
accuracy of the road signs. Three types of experiments are 
conducted for the analysis; the experiment of detection and 
recognition on a constant distance of 3 metre, experiment of 
detection and recognition on various distances such as the distance 
fixed is 4 metre, 5 metre, 6 metre, and experiment of detection and 
recognition on different light intensity. 
IV RESULTS AND DISCUSSION 
For this project, the system is implemented by using python 3.6, 
running on a 3GB ram Intel core i5 personal computer with 5MP 
webcam. Overall system performance will be discussed on the 
result of evaluation based on the accuracy of the detection and 
classification process from a fixed distance, various distance, and 
different light intensity. The results are tabulated in the tables with 
the value of True Positive, True Negative, False Positive, False 
Negative, error rate, and accuracy. The overall evaluation of the 
system is collected using calculation theory by referencing 
formulas.  
 True Positive = Video frame with road sign is precisely 
detected and recognised as having road sign by the experiment. 
 True Negative = Video frame without road sign is 
precisely detected and recognised as having no road sign by the 
experiment. 
 False Positive = Video frame without road sign is 
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 False Negative = Video frame with road sign is 
incorrectly detected and recognised as having no road sign by the 
experiment. 
Total no. of false positive
 Error rate ,  = ;
Total no. of false positive
Total no. of true positive
Total error rate
 Mean of total error rate = ;
Total no. of test










For the experiment of detection and recognition on a constant 
distance, the distance is fixed at 3 metre between a moving car to a 
road sign with the driving speed below 60km/h, and the frame rate 
is 30fps. The experiment is tested with five times of repeatability 
for each road signs. Table I shows the accuracy of road signs from 
a distance of 3 metre. Fig. 5 shows the graph of accuracy versus 
types of a road sign. 
The process of repeating a test enables to identify the error and 
accuracy in the road sign detection and classification process. The 
direction sign accuracy is the highest among the other road sign 
which is 99.9996 %, whereas the lower accuracy obtained from the 
experiment is 99.9879 % for the speed bump sign. Thus the 
accuracy of the detection and classification of road sign could not 
not achieve 100% due to error rate obtained during the experiment. 
The factors that cause the rate of error to increase are the intensity 
of the light and the resolution of the camera. Fig. 6 shows the 
detection and recognition for five types of road signs. 
Table- I: Accuracy of road signs from distance 3 metre 
 
 








Fig. 6. Detection and recognition for 5 types of road signs: a) 
Stop sign, b) Speed bump sign, c) T-Junction sign, d) No right 
turn sign and e) Direction sign 
For the experiment of detection and recognition on a various 
distance, the distance fixed is 4 metre, 5 metre and 6 metre 
between a moving car to a road sign with the driving speed below 
60km/h and the frame rate is 30fps. Experiment is tested with five 
times of repeatability for each road signs. Table II shows the 
accuracy of road signs from the distance of 4 metre, Table III 
shows the accuracy of road signs from the distance of 5 metre and 
Table IV shows the accuracy of road signs from the distance of 6 
metre. 
The data as shown in Table II is the result obtained after five 
times of repeatability for each road sign for a distance of 4 metre 
between road signs and car while driving. The highest accuracy of 
detection and recognition for this experiment is 99.9915% which is 
the direction sign. The lowest is T-Junction sign with the accuracy 
99.9807%. In Table III, shows the experiment of road sign 
detection and recognition for the distance of 5 metre. Direction 
sign gained the highest accuracy with 99.9876 and T-junction with 
the lowest accuracy which is 99.9719%. Lastly, road sign detection 
and recognition for a distance of 6 metre having 99.9779% of the 
highest accuracy for the direction sign and the lowest accuracy is 
speed bump sign with the accuracy of 99.9663% are shown in 
Table IV. 
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Table- III: Accuracy of road signs from distance of 5 metre 
 
 
Table- IV: Accuracy of road signs from distance of 6 metre 
 
 
Graph of accuracy vs distance is constructed to have a clear 
picture on the result of total accuracy for each experiment. The 
graph shows that the accuracy of road sign detection and 
recognition is decreasing for all road signs as the distance is 
increasing. Factors that affect the reducing of accuracy is the 
resolution of the webcam. The accuracy of RSDT can be increased 
by using webcam with better resolution. Fig. 7 shows the graph of 
accuracy vs distance. 
 
Fig. 7. Graph of accuracy vs distance 
The experiment of detection and recognition on different light 
intensity is conducted on morning and afternoon with the driving 
speed below 60km/h and the frame rate is 30fps. The distance is 
fixed at 3 metre from road sign to the car. An environment with 
low light intensity produces less accurate result because of the 
dullness on road signs. High light intensity makes an environment 
brighter where it will make the road sign’s colours reflected and 
even brighter. Table V shows the accuracy of road signs on 
morning (58864 lux) and Table VI shows the accuracy of road 
signs on the afternoon (97823 lux). 
The result tabulated in the table shows that the total accuracy on 
the morning is 99.9934% while in the afternoon is 99.9966%. The 
accuracy in the afternoon is higher because of the higher value of 
light intensity. Bright light environment makes the road signs even 
clearer in real-time video and easy to detect and recognize. The 
light source on the morning is not enough to make the road sign to 






Table- V: Accuracy of road signs on morning 
 
 
Table- VI: Accuracy of road signs on afternoon 
 
 
Fig. 8. Graph of accuracy vs different light intensity 
V CONCLUSION  
The real-time video road sign detection system is successfully 
designed and implemented by using the image processing method 
and the autonomous car. All five different types, of road signs, are 
classified successfully. Lastly, the result enabled us to analyze and 
improve the classification accuracy of road sign detection by using 
convolutional neural network method. The first experiment for the 
fixed distance shows an accuracy of 99.9943% while the 
experiment with the various distance confirm that the accuracy 
decreased as the distance increases. For the distance of 4 metre 
from the road sign to camera the accuracy is 99.9849%, while 
accuracy for 5 metre is 99.9780% and for 6 metre is 99.9710%. For 
the light intensity on the morning, the accuracy is 99.9934%, and 
on the afternoon the accuracy is 99.9966%. 
As for the recommendation, by using a camera with a better 
resolution it will produce a better accuracy as the distance between 
the road sign and the car is increasing. Furthermore, the high 
resolution camera able to detect and recognize the road sign while 
the intensity of the light is low. The second recommendation is to 
provide more dataset images of the road signs from different views 
to make the detection and recognition process faster and accurate 
and can reduce the error rate. Last recommendation is to establish 
the system together with hardware application and equip with 
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